
Table D-9: Average Soil Exposure Point Concentrations from 0 to 4 ft During Period Year 0 to Year 25 1213198, 
241 PM 



Table D-10: Average Soil Exposure Point Concentrations from 0 to 0.5 It During Period Year 100 to Year 125 



Table D-11: Average Soil Exposure Point Concentrations from 0 to 4 ft During Period Year 100 to Year 125 

Averagr cmcentration from 0 to 4 ft during period year 100 to year 125 (based on radioactive decay) 
Wk) 

CFA- 
CCIFC CF.&a4 CFA-07 CFA08D 08STP CFA-IO CFA-I2 CFA-13 CFA-I5 CFA-17147 CFA42 CFAO5 CFA-26 WA-46 CFA-52 
AC-228 i I I I I I I I i I I i , 
Ag-lOSlll I I I t / ND / I I 
Am-241 ! ND ! 4.22E02 : : I I I 
h-133 I : I ND I 
Bi-212 I I I I I I i I 3 I I I 
Bi-214 

, 
I I I I 

cr-137 I 3.46E-02 I 
I I i I 

IL37Efol: I ND I 
Eu-152 I ND : 
Pb-212 I I I I I I I I 2 i i I 
h-238 I I , I I I I I I 
Pu-2391240 I 4.22E-03 : I : 
b-226 : : :2.18E+00:2.12E+W I I 
TI-208 I I I I I I 1 i I I I I 
“-234 ~2.578+00~ ; I 

1 
I I I I ; I 

P “-235 ~ 3.58EO1 / I 3.44E41 I : ND i 4.83EXU : 
G U-238 !3.47E+COi / I ND Iz.zlE+UO1 

Zr-95 r-.--.--i--------L-------~--------~------- ’ I 3°K175 8 I I ._ ______ _ _ ,-I-------L--------,-----------~-------~---------~-------~-------- -------, i ’ 

ii&W 
ND: Chemical is a COPC for this site, but was nac detected in the 0 IO 4 km depth interval. 
Blank Chemical is not a COFC for this site. 

12,3/98, 
392 FM 



Table D-1Za: Average Soil Exposure Point Concentrations from 0 to 10 ft During Period Year 100 to Year 130 



Table DlZb: Average Soil Exposure Point Coocentratiom from 0 to 10 ft During Year 100 



Table D-13: Concentrations of COPCs in Homegrown Produce at Year 100 1213198 
3:13 FM 

COPC CFA-04 CFA@ CFAa7 CFAa8D CFAJBSTP CFA-10 CFA-12 CFA-13 WA-15 CFA-17147 CFA-42 CFA-26 CFA-M CFA-52 

,.2OEO3 
9.77lM5 
1.33E03 

ND 

ND 

ND 
1 .WE-05 

1.35E-M 

1.22E-04 

1.16E45 

ND 
Km-04 I.ZZE-M ,.22E-04 I.ZZEa4 1.2x-04 1.22Ec4 ,.22E-04 

3.%E02 

5.%Ec4 -- S.%E-02 -- 
2.53E-04 -- 

5.96Ed2 -- 
o.wE+oo -- 
LZOE42 -- 7.4OEG -- 

i.49E-M i.JPECj ,.49E+l 1.49Eu4 i. 49Eo4 ,.4%@4 i.49Ec-4 L49EcM ,.49HM 

1. 

1.72EM ,.84E44 -- 
1.328-03 8.MIEW -- 

8.05E-179 -- 



Table D-14. Dermal Permeabilities. 
Dermal Permeability (Kwp) 

COPC (cm/hr)’ 
Aroclor-1254 7.57E-01 2a 
Aroclor-1260 8.49E-01 2a 
Arsenic 1 .OOE-03 1 
Benzo(a)anthracene 8.60E-01 2a 
Benzo(b)fluoranthene 1.39E+OO 2a 
Benzo(g,h,i)perylene 1.62E+oo 2a 
Chlorodifluoromethane 1.93E-02 2a 
Di-n-butylphthalate 3.30E-02 2 
Lead 1 .OOE-03 2 
Mercury 1 .OOE-03 1 
Phenanthrene 2.30E-01 2 
Phenol 5.50E-03 2 
Tetrachloroethene 4.80E-02 2 
1 1,l -Trichloroethane , 1.70E-02 2 
AC-228 1 .OOE-03 1 
Ag-108m 1 .OOE-03 1 
Am-241 1 .OOE-03 1 
Ba-133 1 .OOE-03 1 
Bi-212 1 .OOE-03 1 
Bi-214 1 .OOE-03 1 
G-137 1 .OOE-03 1 
ELI-152 1 .OOE-03 1 
Pb-212 1 .OOE-03 1 
Pu-238 1 .OOE-03 1 
Pu-2391240 1 .OOE-03 1 
Ra-226 l.OOE-03 1 
TI-208 l.OOE-03 1 
U-234 1 .OOE-03 1 
U-235 1 .OOE-03 1 
U-238 1 .OOE-03 1 
Zr-95 1 .OOE-03 1 

NOtS: 
[a] Calculated using the equation: log K, = -2.72+0.71 logK,,-0.0061MW (USEPA, 1992). 
[b] Based on value For m-xylene. 

Reference: 
(11 Becker, 1995 
121 U.S. Environmental Protection Agency, 1992, Dermal Exposure Assessment: 
Principles and Applications, Ofice of Health and Environmental Assessment, 
Washington, D.C., EPN~3001&91/0118, January 
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Table D-15: Air Pathway COPC Concentrations - Current Occupational Scenario 12/3/98 
3:13 FM 

Area Weighted Average COPC Concentration COFC Concentration 
Soil Concentration ill Fugitive Dust [a] in Air (Valatiles) 
(@kg or pCi/g) (mph? or pm?) bwim’) 

j ______ !1?!E+?? _--___; _-____ !,E?! _------ ;---------- 
! ______ 

NA __-_------ 4 
~~~~ti _--___ ;------ g.!~ ------- 1 ----------z ---------- $ 

j---------------------:---------------------~-----------------------~ 
;-_.---.---,_----_---~---------~-~----------~-----------~~----------~ 
:-...-.----~----------r---------~-~----------~-----------~~----------~ 
j ______ i-i;Toi ______ I-------, -;-yiG _______ f__________ ~~ __________ j 
/---------------------:---------------------~-----------------------~ 
.---.--.-.-..--.------~---------------------~----------~~----------~ 4.fiE+01 S.,4E-07 

Fhenanthrrne 
AC-Z** 
Ag-l08lll 

; _____________________ k _____________________ I___---_.-_ 

Arn-241 
/---------------------:-----------~-~--------~-----------------------~ 

Ba-133 
,----------“--------+-----------~-~--------~-----------~~----------~ 

Bi-212 
j __________ f __________: __-_----- f _..__------ I---------- NA ----------: 

Bic214 
/ _____________________ !. ____________..________ k _____-__-_ NA ---_---__- j 

cs-137 
; __________z __________ f --__--_-- .-: -..-------..: ----------- rj; ---------- * 

9.10Ei+01 I .ms-03 
EW152 

I---------------------~---------~--”--------~-----------~~----------~ 

Pb-21-z 
:__________ _ __________ ;--*- ______ :f _..________ ~__________ NA __________ 7 

h-238 
/ _____________________ !. _____________________ f __________ NA __________ j 

Fl-239,240 
/---------------------:-----------~-~--------~-----------------------~ 

2.OSE+w I 2.25&1~5 
Ra-226 

i--‘------------------~---------------------~-----------~~----------~ 
3.31EOl 3.hSE-IX, 

TI-208 
I---------------------:------------~--------~-----------~~----------~ 

u-234 
/ ______ yyMI _-_-_ I------- fiyijs ------- F ---------- NA ---------- j 

“-235 
~--------------------:---------------------~-----------~~----------~ 

2.01E-01 2.21&05 
U-238 

i..-‘---‘--------------~---------------------t----------------------~ 
l.llE+00 1.22E-OS 

Zr-9s 
~--------------------:--------------------~~-----------~~----------~ 

I -1 , 

IiOlW 
[a] eased on non-volatile COFCs presrnt in the 0 to 0.5 Font depth interval at CF&W. CFAOBD. and CFA-IO. 
The tamal area of these sites is 26.201.5 m2 (282,058 ft’l. 
..: Nat calculated because COFC was not detected in the 0 ,<I 0.5 Foot depth interval. 
NA: Not applicable, COPC is not volatilr. 
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Table D-16: Air Pathway COPC Concentrations - Future Occupational Scenario 

COPC (mgkg ur pa/g, (nl,girn’ or pCi/rn’) (m8im3) 
*rcdor-1254 

__---- i,, ----- ~ ------- i,, ------? ----------- NA ---------- 1 
i--------------------:-------~-~~~~~~------, 
j ____-_ p!F3; -__-- i_---. 

4 ___________ ~-~ __________ j 

!--------------------~---~ 
..2::5:‘.“. ---,--------- FZ ------, 
. ..1’8Eas ------ j -_----_--__ 1-2 ________-_ 4 

/------------------~--------------------~-----------~-~----------~ 
I---------_---------:----------_----------~-----------~~----------~ 
/ ______ iuj~+oj _____ j_______ ilzE.06 ______ j___________ ,, __-____-__ 1 
/--------------------1---------------------~------------------------~ 
,-_-.-.-..-.......-.-~-------~~~~~~~------~-----------~~----------~ 4.67E+O, 
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Table D-17: Air Pathway COPC Concentrations - Future Residential Scenario 

. i-------,~~~i-------i--------,w,-------------~ 
\.______________________ -+________ jLjiIii ________ I___-____-_ NA ___--_---- / 
: ________ L?E?? _______ n *.9oE+M) 

r‘---“--j:i~~,--------~----------~-~---------~ 
________ j .-,- ~~iij _______: _______-______----------; 

3.0-/E-II , 
---------- NA ---------j 

I ________ i,j,;;j _______ f ________ i43ETii _-___---: ---------- rj-,- ---------: 
/ ________ j,j,iij _--_-- “t --_-_--- jLyii -------- F ~~-~~~~~-~ NA --------- 1 
‘-----------------------:------------------------~----------------------~ 
/---------------------~~-------.----------------:---------,,---------~ 
I------.~-~~-~oo-------i--------;-~~~~~--------:---------,,----------~ 
t _______ i~j~iiri _______ t ________ iLzj -------- k ---------- NA --------- + 
I-----------------------:------------------------~----------------------~ 
~ ___________ F _____ _____ i ___________ fj 3.298-08 I _ _--_----_--: ---------- NA --------- y 
:-----------------------:----.-------------------~----------------------~ 
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Table D-18. GWSCREEN parameters and the values used for transport modeling. 

Variable Parameter Description Value” Units 

Source length parallel to aquifer flow direction 

Source width perpendicular to aquifer flow direction 

Thickness of source 

Infiltration rate (Darcy flux) 

Aquifer pore velocity 

Volumetric water content in soorce 

Volumehic water content in unsaturated zone 

Bulk density at source 

Bulk density in unsaturated zone 

Bulk density of aquifer 

Adsorption coefficient in source 

Adsorption coefficient in unsaturated zone 

Adsorption coefficient in aquifer 

Porosity of aquifer 

Depth to aquifer below contamination zone 

Dispersivity in the direction of aquifer flow 

Dispersivity perpendicular to direction of flow 

Initial contaminant mass or activity 

Half-life of contaminant 

Equivalent well screen thickness 

Distance from source to receptor, parallel to flow 

Distance from source to receptor, perpendicular to 
flow 

site-specific 

site-specific 

site-specific 

0.1 

570 

0.3 

0.3 

1.5 

1.9 

1.9 

contaminant-specific 

contaminant-specific 

contaminant-specific 

0.1 

site-specific 

9 

4 

site- and contaminant- 
specific 

contaminant-specific 

15 

site-specific 

site-specific 

m 

m 

m 

m/Y 

dyr 
unitless 

unitless 

g/cm’ 

d cm’ 

91 cm’ 

d/g 
mL/g 

d/g 
unitless 

m 

m 

m 

mg or Ci 

Y 
m 

m 

m 

a. Values are default Track 2 numbers unless otherwise noted 

b. Source length and width derivation is described in text. 

c. The thickness of the source volume is based on predicted leached depth, as described in text. 

d. Sorption coefficients are, in this analysis, identical for source, unsaturated, and saturated zones. 

e. Depth to aquifer is the cumulative vadose zone interbed thickness for each site. 

f. Distance from source to receptor is unique for each source/receptor, based on location of ten receptors at dowgradient edge 
of this system. __- - 
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Table D-19. COPC total masses or activities in soil (sources to groundwater). 

Contaminant 
Modeled Decay 

Product” 
Half-life 

(Ye 

Sorption 
Coefficient 
Kd (mUg)b 

Total Inventory in Soil to be 
Transported to Groundwater 

(mg or Ci) 

AC-228 

TX-228 

Ag-108m 

Am-241 

Np-237 

Ba-133 

Bi-212 

Pb-208’ 

Bi-214 

Pb-210 

cs-137 

Eu-152 

Pb-212 

Pb-208 

Pu-238 

U-234 

Pu-2391240 

Ra-226 

Tl-208 

Pb-208 

U-234 

U-235 

U-238 

Arsenic 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Chlorodifluoromethane 

Di-n-butylphthalate 

Lead 

Mercury 

7.00E-04 O.OOE+OO 

1.27E+02 

4.32E+02 

9.00E+Ol 

3.40E+02 

1 .OSE+Ol 

1.15E-04 

S.OOE+Ol 

1 .OOE+OZ 

3.80E-05 1 .OOE+02 

3.02E+Ol 

1.36E+Ol 

l.ZlE-03 

5.00E+02 

O.OOE+OO 

1 .OOE+02 

8.78E+Ol 2.20E+Ol 

2.41E+04 

1.60E+03 

5.80B06 

Z.ZOE+Ol 

1 .OOE+OZ 

O.OOE+OO 

2.45E+05 

7.04E+08 

4.47E+09 

o/ad 

N/a 

Nia 

N/a 

N/a 

N/a 

N/a 

Nla 

6.00E+OO 

6.00E+oo 

6.00E+oo 

3 .OOE+OO 

1,19E+03 

3.69E+03 

4.74E-1.03 

1.73E-01 

1 .OZE+OZ 

1 .OOE+OZ 

1 .OOE+OZ 

7.84B02 

2.87B05 

4.80E-05 

3.38E-02 

6.96E-06 

4.73E-06 

7.64E-02 

4.38E-24 

6.32E-02 

l.l4E-07 

7.63E+OO 

6.53E-05 

8.03E-02 

4.85B23 

7.12E-04 

2.5SE-07 

1.44E-02 

2.95E-01 

7.32E-02 

2.12E-25 

l.l7E-01 

5.93E-02 

1.30E-01 

7.49E+08 

3.58E+OS 

1.67E+O5 

2.98E+05 

6.98E+O5 

3.42E+O6 

5.12E+09 

5.53E+09 
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Table D-19. (continued). 

Modeled Decay 
Contaminant Product” 

Phenanthrene 

Phenol 

Tetrachloroethene 

l,l,l-Trichloroethane 

TPH-diesel 

TPH-gasoline 

TPH-heating oil 

Half-life 
(Yo 

N/a 

N/a 

N/a 

N/a 

N/a 

N/a 

Sorption Total Inventory in Soil to be 
Coefficient 
Kd (mL/g)b 

Transported to Groundwater 
(mg or Ci) 

4.23E+Ol 8.11E+04 

8.64E-02 2.16E+OS 

7.89&01 9.50E+OZ 

3.27E-01 2.92E+O2 

1.78E+OO 6.77E+lO 

1.40E+OO 4.90E+lO 

1.78E+OO 2.47E+ll 

a. Some parent radionuclides have relatively short half-lives and high sorption coefficients. For these (AC-228, Am-241, 
Bi-214, and Pu-23X), the first daughter pmduct of these (Tb-228, Np-237, Pb-210, and U-234, respectively) was modeled 

Daughter product inventories for these were obtained from the relationship of activity and half-life: 

(Activity)daughur = (Activity)-,*[glalf-life)-,/Olalf-life)~”~~] 

b. For radionuclide contaminants with extremely short half-lives (i.e., less than 1.0 yr), the COCs are assumed to decay entirely 
to stable products before exiting the system. These contaminants were converted from parent curies to stable product 
milligrams (Pb-208 for thorium series decay chain COCs and MO-95 for Zr-95). The Pb-208 totals were added to the stable 
lead inventory for these sites before modeling. MO-95 inventory was deemed insignificant for the groundwater pathway. 

c. Ph.208 is a stable form of elemental lead. The short-lived parent curies were converted to milligrams of Pb-208, which was 
added to the total lead inventory. 

d. Half-life refers to radiological decay. Here, non-radiological COCs are considered to be free of any decay-type loss 
mechanisms. .~ 
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Table D-20. Groundwater concentrations predicted for WAG 4 for the lo&l30 year timeframe. 

Modeled Decay Peak Concentration? Time (yr) at Peak 
Contaminant Product” (me/L or pa/L) Concentition 

AC-228 (Th-228) 

Ag-108m 

Am-241 (Np-237)’ 

Ba-133 

Bi-212 (Pb-208)e 

Bi-214 (Pb-210)’ 

a-137 

Eu-152 

Pb-2 12 (Pb-208)e 

Pu-238 (U-234)’ 

Pu-2391240 

Ra-226 

Tl-208 (Pb-208)e 

U-234 

Th-230 

Ra-226 

Pb-210 

U-235 

Pa-23 1 

AC-227 

Pb-2 10 

O,.OOE+OO 

O,.OOE+OO 

3,.4lE-05 

U-233 3,.31E-07 

n-229 2,,31E-09 

O,.OOE+OO 

IlId 

O.OOE+OO 

O,,OOE+OO 

4,,79E-03 

n/a’ 

2,.56E-06 

5,,43E-08 

6,.44E-07 

3,,24E-08 

1,.06E-02 

8,,32E-07 

1 ,,OlE-07 

l,, 16E-08 

8,,49E-09 

8,,61E-09 
e n/a 

3,,54E+OO 

2,.SOE-02 

6,.20E-03 

5.94E-03 

2.56E-01 

5.08E-03 

5.70E-04 

3.91E+OO 

1.49E-02 

5.38E-OS 

‘II-230 

Ra-226 

Pb-210 

U-235 

U-238 

Pa-23 1 

AC-227 

U-234 

Th-230 

n/ad 
dad 

2.64E+O3 

dad 
da’ 
n/ad 
n/ad 

4.1 lE+Ol 

da’ 

4.68E+03 

1.70E+04 

2.20E+04 

n/a’ 

1.3SE+03 

1.3SE+03 

1.3SE+O3 
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Table D-20. (continued). 

Modeled Decay Peak Concentiationb Time (yr) at Peak 
Contaminant Product” (mg/L or pCi/L) Concentration 

2x-95 (MO-95)’ 

Ra-226 

Pb-2 10 

9.20E-06 

8.61E-06 

da’ 

1 , 1,l -Trichloroethane 6,,22E-08 

Arsenic 4.40B02 

Benzo(a)anthmcene 1,,23E-08 

Benzo(b)fluoranthene 1,,8SE-09 

Benzo(g,h,i)perylene 1,,83E-09 

Chlorodifluoromethane 1,74E-04 

Di-n-butylphthalate 2,98E-06 

Lead 1.33E-03 

Mercury l.O3E-02 

Phenanthrene 3.83E-08 

Phenol 7.10E-OS 

Tetmchloroethene LOSE-07 

TPH-dieselg 3,74E+OO 

TPH-gasoline 6,89E+OO 

TPH-heating 7,,9SE+OO 

nia’ 

1.20E+02 

6.96E+02 

2.88E+05 

8.92E+OS 

l.lsE+06 

7.79E+Ol 

2.22E+04 

S.O2E+04 

2.18E+04 

2.42E+04 

5.91E+Ol 

2.29E+02 

4.27E+02 

3.30E+02 

4.64E+02 

a. Some radionuclide COCs decay to significant daughter products; the daughter product ingrowth is included here. For this 
analysis, daughter products are assumed to travel at the same rate as the parent. 

b. The groundwater concentrations reported in this table represent the maximum predicted in a network of ten receptor aquifer 
wells located in a line perpendicular to the flow direction immediately downgradient of the reference site (CFA-04). 

c. Radionuclide contaminants that have short half-life relative to the vadose zone transit time were modeled as their first 
radioactive decay product. These include AC-228, Am-241, Bi-214, and Pu-238 which were modeled as Th-228, Np-237, Pb- 
210, and U-234, respectively. 

d. Some radioactive contaminants decay to stable products before reaching any receptor well locations. 

e. Some radionuclides with very short half-life (<I .O yr) that have no significant radioactive decay products were modeled as 
stable decay products. Bi-212, Pb-212, Tl-208 soil inventories were conve~red to stable lead which was added to the total lead 
inventmy (see results for lead). 

f. Zr-95 is also very short-lived with no significant radioactive decay products; the inventory of Zr-95 was converted to stable 
Mo-95, which was found to be an insignificant soil inventory relative to the molybdenum MCL. 

g. TPH = total petroleum hydrocarbon 
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Table D-21: Concentrations of Volatiles from Indoor Water Use 
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Table D-23. Exposure Assumptions 

EXPOSURE PARAMETER 

Current and Future 

Occupational Worker” Future Adult Resident’ Future Child Resident’ 

Soil ingestion rate @g/day) 

Skin surface ana available for soil contact 
(cm”ievent) 

Soil-to-skin adherence factor (mgicn?) 

Inhalation rate (n?/br) 

Homegrown produce ingestion rate, 
nonradionuclide-contaminated (g/kg-day) 

Homegrown produce ingestion rate, 
radionuclide-contaminated (g/day) 

Groundwater ingestion rate (L/day) 

Skin surface area available for groundwater 
contact 

Inhalation exposure time @r/day) 8 

Dermal contact exposure time @ ‘day) 

Exposure frequency (days/year) 

Exposure duration (years) 

Body weight (kg) 

250 

25 

70 

50 

2,ooob 

0.5 

0.83 

__ 

__ 

__ 

100 

3,000” 

0.5 

0.83 

0.276’ 

16.7’ 

17,000 

24 

0.25 

350 

24 

70 

200 

._ 

.- 

350 

6 

15 

Notes: 
[a] Value from DOE-ID (1994), unless oihenvise noted. 
[b] Value from EPA (1992) 
[c] Derivation based on LMITCO (1996). 
-- Not applicable; exposure assumption parameter is not relevant for this receptor. 
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Table D-23. Soil ingestion intake factor equation for the occupational exposure scenario.8.b 

Intake factor = Cair * IR * FI * EF * ED * CF 

BW*AT .-__ 
Parameter Value 

f&l = 

IR = 

FI = 

EF = 

ED = 

CF = 

BW = 

AT = 

contaminant concentration in soil (mg/kg or pCi/g) 

ingestion rate (mgiday) 

fraction ingested from contaminated source 

exposure frequency (day/year) 

exposure duration (year) 

conversion factor (kg/mg) 
nonradionuclide 
radionuclide 

body weight (kg) 

averaging time (day) 
noncarcinogenic 
carcinogenic 

Contaminant dependent 

50 

1 

250 

25 

IO-” 
lo“ 

70 

9.13E+03 
2.55E+04 

a. The equation for radionuclides does not include the denominakx (BW’AT). 

b. The source ofthe values is DOE-ID (1994). 
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Table D-24. External exposure intake factor equation for the occupational exposure scenario.a 

Exposure Factor = CA * ET * EF * ED * CF 

Parameter Value 

GOil = Contaminant concentration in soil (pCi/g) Contaminant dependent 

ET z Exposure time (hour/day) 8 

EF = Exposure frequency (day/year) 250 

ED = Exposure duration (year) 25 

CF = Conversion factor (year/hour) 1.14 x lOA 

a. The source ofthe values is DOE-ID (1994). 
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